Background: Anti-Retroviral Therapy (ART) care is a lifelong treatment, which needs accurate and reliable data collected for long period of time. Poor quality of medical records data remains a challenge and is directly related to the quality of care of patients. To improve this, there is an increasing trend to implement electronic medical record (EMR) in hospitals. However, there is little evidence on the impact of EMR on the quality of health data in low-resource setting hospitals like Ethiopia. This comparative study aims to fill this evidence gap by assessing the completeness and reliability of paper-based and electronic medical records and explore the challenges of ensuring data quality at the Anti-Retroviral Therapy (ART) clinic at the University of Gondar Referral Hospital in Northwest Ethiopia.
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ART care is a lifelong treatment, which needs accurate and reliable data. As the ART program expands and the number of patients increases, the paper-based medical record continues to be overwhelmingly large and the need for EMR in HIV care clinics is increasing [9] . However, the transformation of the medical record system from paper-based to EMR largely relies on the quality of paper-based system. Hence, improving and ensuring the quality of paper-based medical data is crucial before moving to EMR. It is important to collect data for EMR from paper-based medical records and gradually adopt EMR to simplify the management of large medical records [10] . A comprehensive ART medical record is a cornerstone of good quality and efficient patient care. In subsequent follow-up visits, it can provide a complete and accurate chronology of treatments, patient results and future plans for care [10, 11] . Investing in EMR system has dramatically lowered the error rates of HIV care data and has improved client satisfaction [12] as well as quality of HIV care [13] .Global funding for the management of HIV has also increased the investment in EMR systems for the management of complex data in monitoring the lifelong treatment of HIV infected people [11] . However, many electronic systems still rely on paper-based medical records for their data inputs and those transition, still practice side by side documentation on the paper and electronic system. Both paper-based and EMR systems is being practiced because of power fluctuation and inability of hospital to run full EMR systems (14, 15, 16) . Based on generic tools developed by the WHO, paper-based medical records being used in resource-limited settings generally include longitudinal patient flow charts, longitudinal pre-antiretroviral therapy and ART registers, pharmacy registers, appointment books, referral forms and outreach logs that are documented by doctors, nurses, pharmacists, social workers and data clerks [6] .Providing and monitoring HIV care and ART requires complete and accurate documentation of patient visit information and laboratory test results [14] . Studies from Kenya, Malawi, Mozambique, Cote d'Ivoire and Rwanda revealed that ART medical records were found to have errors in clinical staging and missing or incomplete data about loss to ART follow-up information [15] . The error rate often increases when inexperienced clinicians are introduced to a new procedure. Studies show that lack of regulations, standards, guidelines, training and education, accreditation, clarity of data elements and data flows as well as health professionals' and data clerks' proficiency were determinant factors to the consistency and completeness of ART paper-based and EMR [6, 16] . In low-resource settings, there is substantial investment and interest towards computerization but there is limited evidence on the effect of EMRs on the quality of medical records at HIV clinics. Because of this evidence gap, this study aims to assess the completeness and reliability of paper-based and electronic medical records and explore the challenges of ensuring data quality at the Anti-Retroviral Therapy (ART) clinic of the University of Gondar Referral Hospital, Northwest Ethiopia.
Methods

Study Area
The study was conducted at the University of Gondar Referral Hospital, the oldest and biggest referral hospitals serving for more than five million people in North West Ethiopia. The hospital has many specialized clinics, including for chronic illnesses (cardiac disease, renal disease and diabetes), mental health and HIV care. During the study period, a total of 4,907 HIV patients were enrolled on ART at the HIV care clinic of the hospital. Eleven health professionals (nurses, health OJPHI officers and physicians), four data clerks, six case managers and seven treatment supporters were running the clinic.
Study Design and Period
An institution-based comparative cross-sectional study was conducted to compare completeness and reliability of ART records between paper-based and EMR systems. Both pediatric and adult ART records were used. The quantitative study design was supplemented with a qualitative study to explore the challenges related to the quality of medical records in the clinic. Data were collected from February 1 to March 30, 2017. All patients on ART for at least six months, having complete records both paper-based and electronic (in the local EMR system called SmartCare) and having a follow-up visit in the ART clinic were included in the study.
There were a total of 4,907 ART clients on follow up at the ART clinic of the hospital. Of these, 250 patient records were found to have both electronic and paper-based records. All these 250 patient records were included in the study.
To measure the completeness and reliability of the records, checklists were developed based on the national ART data elements. An overall rate of completeness was calculated by adding up the number of complete data elements per patient visit and dividing it by the total number of expected data elements. This proportion was averaged across all patient visits to get an overall rate of completeness for each visit type. Paper-based medical records and EMR of patients were reviewed to compare the reliability of specific data variables.
Qualitative data was obtained by in-depth interviews of key informants that included physicians, nurses, health officers, data clerks and ART case managers who were purposively selected from the ART clinic. A semi-structured questionnaire was used to conduct the key informant interviews.
Statistical Analysis
Data was entered into EPI info version 7 and then exported to SPSS version 20 for analysis. Descriptive statistics were performed. Chi-square test statistics were conducted to check statistically significant differences between EMR and paper-based medical records' data completeness. To declare statistical significance a p-value of less than 0.05 was used. Reliability between paper-based and EMR both for the enrolment and follow-up visits were determined using Cohen's Kappa statistic. The level of agreement was used as defined by Cohen's kappa(poor agreement < 0.2, fair agreement = 0.2-0.40, moderate agreement =0.41-0.60, good agreement = 0.61-0.80 and very good agreement = 0.81-1.00) [14] . P-value of 5% or less was considered as statistically significant. The qualitative data was transcribed, coded and thematically synthesized using Open Code version 4.02 software. Coding was based on predefined themes namely; organizational, provider and patient related factors. Finally, a narrative analysis was carried out based on the established themes.
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Results
Socio-demographic Characteristics
Out of 250 patient records,135 (54%) were from female patients. Nearly one-third, 29(12%), of the patients were from pediatric ART (aged less than 15 years). Half, 51(20%), of the patients included in the study have no formal education and 76(30.4%) of them were from rural residence ( Table 1) . 
Completeness of Medical Records
In this study the overall completeness of medical records in the ART clinic was195(78%) with 95%CI (70.8%-85.1%) on paper-based and 189 (76%) with 95%CI (67.8%-83.2%) on EMR, pvalue 0.369 (see figure 1 ). The average completeness of demographic data elements was 234(93.4%) in paper-based and 232(93.0%) in EMR. Among all data elements, the record completeness of patients' sex was significantly lower-236(94.4%), in paper-based than in EMR-249 (99.6%), (p-value 0.001).
OJPHI
Record completeness of patients' occupation was significantly higher in paper-based than in EMR-(196(78%) vs 171(68%) (p-value 0.001) ( Table 2) . OJPHI (77.6) than in EMR (69.6). Data regarding eligibility for ART, reason for referral, and family HIV history had significantly higher level of completeness in EMR than in paper-based medical records (Table 3) . 
Reliability of Medical Records
Data from a total of 250 ART patients was reviewed for reliability of paper-based and electronic records. Strong agreements were observed on socio-demographic data such as marital status 0. 
Challenges on Improving the Quality of ART Records
Ten key informant interviews were conducted among key informants including five healthcare providers, four data clerks and one case manager. Six of the key informants were females. The median (range)age and work experience of the key informants were 28 years (24-58) and 2 years (range 2-7) respectively. The key informants reported the major challenges hindering the quality of medical record data is the current dual documentation practice and the patient load in the hospital. One of the nurse in the ART clinic said "We are overwhelmingly busy as we manage more than 100 patients per day. But after handling all this patient, we are expected to write all the patient history on the paper and later into the EMR system which is creating a lot of burden on us"
The attitude of care providers on the need to properly document data is also varied. One ART nurse in the clinic said "Isn't it enough if we give proper care to the clients instead of wasting our time writing on the paper and the system?"
Updating the data elements as clients came for different visits is also not a usual practice in the hospital. A 29 years old senior physician who has worked for more than 5 years in the ART clinic said that "ART patient data may not be accurate, for example; BMI data variables recorded during the first visit of the patient are copied to OJPHI the rest of consecutive visits without updated patient height and weight measurements in the paper-based medical record".
Additionally, the technical support given to the ART clinic to use the EMR system was reported to be not enough. Head of the ART Clinic said:
"we know that migrating all the data to the EMR will be important. We do not want to stop at 250 but the support we got is very minimal. We need back up power. If power goes, we have to go back to the paper passed records once we have all the data in the computer".
The overall results of the key informants outline that the current dual documentation practice and the daily patient load are the main challenges for health workers for not having quality data in the ART clinic.
Discussion
This study aimed to determine the completeness and reliability of paper-based medical record and EMR and explore the challenges of ensuring data quality at the ART clinic of the University of Gondar Referral Hospital. This study showed the overall completeness of medical records in the paper-based version was still slightly higher than the EMR. This indicates that there is no enough attention given in the implementation of the EMR in the clinic as the clinic staff are currently documenting both on the paper and electronic systems. It is known that EMRs are implemented in hospitals to improve quality of data, quality of care and the quality of the health service to patients. however, in this clinic, the quality of the data was still better in the paper based system. This may be due to the fact that the ART clinic is using dual documentation systems (paper and electronic). The data quality on the paper finding is consistent with the study from Mozambique [5] which reported 72% completeness in paper-based medical recording and relatively higher than the study conducted in Cote d'Ivoire [11] which reported 62% completeness on ART follow-up.
Data completeness was also assessed specifically for a variety of HIV care data elements on both paper-based and EMR of the ART clinic. Varying data completeness were observed among the specific data elements. For instance, completeness of patient weight data and pregnancy status were higher in paper-based than in EMR. Data elements such as WHO staging, functional status, TB screen, next visit date, opportunistic infections (OIs)screening and prophylaxis's for OIs have also significantly better level of completeness in paper-based records than in EMR. This result shows that the data on the paper were not properly transcribed in to the EMR. As outlined by another study in Ethiopia [11] , this might be due to the workload introduced by the parallel documentation. A previous study in the study area reported that workload significantly affected documentation of the healthcare provided to patients [17] .
In both paper-based medical record and EMR, completeness of HIV care and ART data elements was generally lower than the completeness of sociodemographic data elements. This might be due to the nature of the data by which sociodemographic data do not need frequent updates while it is important to update clinical data generated from every visit. Furthermore, sociodemographic data is easier to obtain than clinical data. The difference might also be due to the attitude of care providers to document data [17] .
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Clinical parameters such as patients' WHO clinical staging, general appearance, and patient referral have strong agreements. In addition, the consistency of patient address and HIV status disclosure shows a good and moderate level of agreement between paper-based and electronic records. Further analysis on reliability on baseline and follow-up values shows a sharp reduction of reliability from 0.89 on the first visit to 0.21 on the most recent visit. This result reflects that the ART follow-up data elements are not being updated.
The major evidence in this research is the impact of dual documentation on the quality of the data both in the paper based and electronic systems. Different previous evidences [18, 19] show dual documentation practice is taking the time of health workers but in this research, we were able to identify that the quality of the data is affected as the result of the dual documentation. Many EMR Implementations in developing countries (22) report dual documentation practice but it will be advisable to either use the paper-based record or to totally transition to Electronic documentation systems to avoid double effort on health workers.
Conclusion
The overall ART data quality was still slightly better in paper-based records than the electronic medical record system. The main reason affecting the EMR data quality was the current dual documentation practice both on the paper and electronic for each patient in the hospital. The hospital management need to decide to use either the paper or the electronic system so that health workers can save time by single documentation practice. Trainings and continuous support to health workers is recommended to build the capacity of health workers on data documentation practices
